1. Background {#sec64361}
=============

Whooping cough is a worldwide infectious disease caused by *Bordetella pertussis*and *B. parapertussis*. Its causative agent is a fastidious gram-negative cocobacilli with high affinity for the mucosal layers of the human respiratory tract. So far, *B. pertussis*and *B. parapertussis* have been isolated only from human and transmission from person to person has occurred via direct contact or sneezing ([@A12421R1]). Whooping cough in children has very typical symptoms such as repetitive paroxysmal coughs, vomiting, whooping and lymphocytosis. It has been estimated that 20-40 million pertussis cases and 200000-400000 deaths occur annually worldwide ([@A12421R2]). *B. parapertussis* infection is similar to infections associated with *B. pertussis*, though it is of milder nature and shorter duration.

Diagnosis at the early stages of pertussis is very important for treatment and prevention management. Within the last few decades, the re-emergence of pertussis has been observed even in countries with high vaccine coverage ([@A12421R3], [@A12421R4]). This, in turn, has questioned the efficacy of pertussis whole cell vaccine (WCV). Different formulations and bacterial seeds are used in preparations of WCV. It is, therefore, highly suggested to investigate the efficacy of WCV in different countries. Various factors have been suggested to contribute to the increased incidence of pertussis including adaptation of *B. pertussis*, decreased vaccination coverage, emergence of new *B. pertussis*variants and waning vaccine-induced immunity ([@A12421R5]).

Bacterial isolation from nasopharyngeal secretions remains to be the gold standard for diagnosis. Some studies have shown that a lower bacterial load in the adult nasopharynx results in negative culture and milder symptoms ([@A12421R6]). It is, therefore, necessary to standardize a more rapid and sensitive technique such as real-time PCR. The real-time PCR assay enables simultaneous detection, quantitative analysis and differentiation of *B. pertussis*and *B. parapertussis*([@A12421R6]) using specific target genes such as IS481with 50-100 copies. In fact, IS481-based PCR has been shown to be more sensitive than PCR designed against other regions such as a toxin promoter ([@A12421R7]). In the present study, samples from nasopharyngeal secretions of hospitalized patients suspected of having pertussis were tested by real-time PCR and compared with culture results.

2. Objectives {#sec64362}
=============

The National pertussis laboratory was established in 2006 at the Pasteur Institute of Iran in Tehran, with the aim of collecting and diagnosing suspected cases of pertussis in different provinces in Iran. In this study the prevalence of pertussis was determined and the sensitivity of qPCR was compared with the culture method.

3. Patients and Methods {#sec64365}
=======================

A total of 347 nasopharyngeal samples from patients suspected of pertussis from different age groups, 45 days to 6 years old (283), 6 to 22 (25), and 22 to 65 years old (18) were collected. Information regarding the age of the subjects was not available for 21 of the samples. All samples were collected between the year 2004 and 2008. Most of the patients were young children admitted to pediatric hospitals with paroxysmal coughs along with vomiting. The samples were sent from18 provinces of Iran including Mazandaran, Guilan (north), Qom, Tehran, Qazvin, Markazi (Center), Kurdestan, Miandoab, Azarbaijan, Ardebil, Kermanshah, Hamedan, Lorestan (West), Khorasan, Golestan (northeast), Isfahan, Khuzestan, Kerman (South) to the Pasteur institute of Iran, National Pertussis Laboratory. Bacterial culture, agglutination test and qPCR assay for detection of *B. pertussis*and *B. parapertussis* were performed on each sample.

Samples from posterior nasopharyngeal of the patients were collected by a Dacron swab (BD Diagnostic Systems, Sparks, MD) after which they were inserted into Regan-Lowe transport media. Two nasopharyngeal specimens were obtained from each patient. One swab was used for culture and the other was used for qPCR. The specimens were immediately plated onto Bordet Gengou agar medium (BGA) (Difco, USA) ([@A12421R8], [@A12421R9]). Bacteria were grown at 35-36°C in a humidified incubator for 72 hours on Bordet Gengou agar supplemented with 10% defibrinated sheep/horse blood containing cephalexin (40 µg/mL) to inhibit normal flora and *B. holmesii*. Additionally, non-selective medium without cephalexin was also used at the same time. After 3-10 days of incubation with daily examination of the colonies, the suspected colonies were tested by Gram staining, oxidase, catalase, API20E medium (biomerieux Marcy-I'Etoile, France) and slide agglutination with antisera (Difco, USA).

3.1. DNA Extraction {#sec64363}
-------------------

Positive cultures were then sub cultured on BGA for 24 hours after which DNA was extracted. DNA from respiratory samples (swabs, nasopharyngeal aspirations, sputum) was also purified with High Pure PCR Template Preparation Kit (Roche Diagnostic GmbH, Germany) according to the manufacturer's protocol. Two Positive controls, CIP8132 *B. pertussis*and CIP12822 *B. parapertussis* reference strains, were obtained from the Pasteur Institute (Paris, France) (Courtesy of Dr. Nicole Guiso), while a negative control (ddH2O) was also included. In some studies, nucleic acids have been extracted using a heat lysis procedure ([@A12421R8]) while three different methods including, MagNA Pure compact nucleic acid isolation kit (Roche, Germany), Genomic KF (Promega, USA), and EZ1 robot (Qiagen, USA) have been used for comparison ([@A12421R10]).

3.2. Real-Time PCR {#sec64364}
------------------

For real-time PCR, the following sequences were used as the primers and probes for *B. pertussis*and *B. parapertussis* (TIB MOLBIOL, GmbH, Germany) ([@A12421R11]).

1.  *B. pertussis*:

    1.  Forward primer (Bp-1) 5'--ATCAAgCACCgCTTTACCC-3'

    2.  Reverse primer (Bp-2) 5'-- TTgggAgTTCTggTAggT gTg-3'

    3.  Probes: FAM-AAT ggCAAggCCgAACgCTTCA-TAMRA

2.  *B. parapertussis*:

    1.  Forward primer (Bpp- 1) 5'--gATATCAACgggTgACggATC-3'

    2.  Reverse primer (Bpp -2) 5'-- gTATgCCAACCCAgTTCgAA-3'

    3.  Probes: FAM-TgCTgCAATCgAgCAACgTgCA-TAMRA

TaqMan universal master mix was prepared containing 15 µL mix (Roche Applied science, GmbH, Germany), with optimized concentrations of AmpliTaq Gold DNA polymerase, UDG (uracil-DNA-glycosylase eliminating possible contamination of the PCR reaction by amplification products), dNTPs, MgCl~2~ and buffer, with 0.75 µL of each primer and probe (300 nM) and 7.75 µL of ddH~2~O. Next, a 5 μL aliquot of the extracted sample was added to each PCR master mixture. *B. pertussis*strain Tohama I and *B. parapertussis* ATCC 12822 were used as the positive controls and ddH~2~O as the negative control, throughout all real time assays. To examine cross-reactivity *Pseudomonas aeruginosa*, *β Haemolytic sterptococcus*, *Escherichia coli* and *Staphylococcus epidermidis* were also used. A new mixture was prepared for each PCR run. Master Mix and primers/probes were placed on ice during the PCR preparation. Positive and negative PCR controls were included in each PCR reaction.

Real time PCR cycle was carried out for 2 minutes at 50°C, followed by 40 cycles for 10 minutes at 95°C, 95°C for 15 seconds and 60 seconds at 57°C ([@A12421R7], [@A12421R11]) . The annealing temperature, amplification, detection and data analysis were performed on the Applied Biosystems ABI 7500. By recording the amount of fluorescence emission during each cycle, it was possible to monitor the PCR reaction during its exponential phase when the first significant increase in the amount of PCR product is correlated to the initial amount of target template. Samples were regarded as "positive", when the fluorescence signal increased and showed a typical amplification kinetic. A standard curve was generated with ten-fold serial dilutions of *B. pertussis*strain Tohama I and *B. parapertussis* ATCC 12822 DNA (from 10 ng to 0.1 fg) ([@A12421R7]). Two hybridization probes were employed, allowing sequence-specific detection by using fluorescence energy transfer between the fluorophores conjugated to the probes. The amount of fluorescence was directly proportional to the amount of target DNA generated during the PCR process. The threshold line is the level of detection at which a reaction reaches a fluorescent intensity above background. Cycle threshold (CT) is when the sample in the PCR reaches this level. The samples were either positive or negative for *B. pertussis* and *B. parapertussis,*as indicated by the CT value. Samples were regarded as negative when their CT was more than 35.

4. Results {#sec64366}
==========

In our study, seven nasopharyngeal swab samples were positive by culture and agglutination test. Six and one isolates were positive for *B. pertussis* and *B. parapertussis*, respectively. Thirty patients were considered to have positive test results using IS481 and IS1001 as the target sequences for the real-time PCR assay. Amongst the qPCR positive isolates, 28 were positive for *B. pertussis*and two isolates were positive for both *B. pertussis*and *B. parapertussis* ([Table 1](#tbl16385){ref-type="table"}). Examination of the isolates by the culture method revealed one positive culture having both *B. pertussis*and *B. parapertussis*. The seven positive samples detected by the culture method also had positive results for the qPCR test. The majority of positive patients (67%) were vaccinated against pertussis with WCV in comparison with 20% of the individuals who were not vaccinated (for the rest no information was available). Seventeen out of 20 patients were \<6 years of age ([Table 2](#tbl16386){ref-type="table"}, [3](#tbl16387){ref-type="table"}). Furthermore, 63% of patients with positive qPCR results had used antibiotics prior to the sampling. Most positive samples were obtained from cities located in the center of Iran ([Table 4](#tbl16388){ref-type="table"}).

###### Positive Samples for *B. pertussis*and *B. parapertussis* From Patients Suspected of Pertussis in Iran From 2004-2008

  Positive Result                                     Culture   Real-Time PCR
  --------------------------------------------------- --------- ---------------
  ***B. pertussis*** **only**                         6         28
  ***B. pertussis*** **and** ***B. parapertussis***   1         2
  **Total No. of positive samples**                   7         30

###### Comparison Between Age and Positive Results (Culture-Real Time PCR)

  Age                    Culture   Real - Time PCR
  ---------------------- --------- -----------------
  **45 Days- 6 years**   7         26
  **6-22 Years**         \-        2
  **25-65 Years**        \-        2

###### Relation Between Vaccinated and Non-Vaccinated Patients With Positive Samples for Pertussis in Iran

  Status of Vaccination                             Number of Positives   45 Days - 6 Years   6-22 Years   22-65 Years
  ------------------------------------------------- --------------------- ------------------- ------------ -------------
  **Vaccinated**                                    20                    17                  2            1
  **Non- vaccinated**                               6                     6                   \-           \-
  **NA** ^**[a](#fn12880){ref-type="table-fn"}**^   4                     3                   \-           1

^a^NA: Not available

###### The Geographical Distribution of the Positive Samples of Pertussis in Iran

  Province                      Culture   Real-Time
  ----------------------------- --------- -----------
  **Ghom (Central)**            1         10
  **Tehran (Central)**          4         7
  **Mazandaran (North)**        \-        6
  **Khorasan (North-East)**     1         3
  **Azarbaijan (North-West)**   1         2
  **Kordestan**                 \-        2

5. Discussion {#sec64367}
=============

In spite of the great extent of vaccination program in many countries, whooping cough is still an endemic disease and several outbreaks have been described in some countries, including the United States, Australia, Norway, Sweden and Netherlands ([@A12421R12]). Pertussis is especially severe in young individuals and unvaccinated children, and has re-emerged in the recent years in vaccinated populations. Furthermore, the re-emergence of whooping cough is also related to other factors such as improved knowledge of the disease, rapid diagnostics and problems in vaccination coverage. In 2012 outbreak of whooping cough in the state of Washington (USA) within the vaccinated population resulted in 2520 cases, which was the highest number recorded since 1942 ([@A12421R4]).

To the best of our knowledge, the present study is the first study using qPCR for detection of *B. pertussis*and *B. parapertussis* in nasopharyngeal secretions of patients suspected of pertussis, hospitalized in Iran. Although the bacterial culture still remains as the gold standard for diagnosis of pertussis, it has low sensitivity and long duration. Real-time PCR, on the other hand, is a rapid and sensitive assay, which can monitor pertussis within 2.5 to 3 hours. In addition, the ability of qPCR to measure the kinetics of the reaction in its early phases provides an advantage over traditional PCR.

In the Netherlands, the estimated incidence of infection from 1995 to 1996 was 6.6% per year for the 3 - 79 year age group ([@A12421R13]). Adolescents and adults with symptomatic but unrecognized pertussis are often the source of infection for pediatric cases. Therefore, it is suggested to perform laboratory diagnostic tests for *B. pertussis*infection in children and adolescents with prolonged coughs of more than two weeks ([@A12421R14]).

In this study, the results showed that seven samples had positive results for the culture method in comparison with 30 samples for the qPCR method. The reasons for this low positive rate of the culture method were because i) most of the patients were treated with antibiotics prior to sampling, ii) false positivity of qPCR and iii) damaged *Bordetella*species which were not recoverable by culture. In contrast to the culture method, the use of antibiotics did not affect the results of the qPCR. All positive cultures (2%) were obtained from patients aged from 45 days to six years. Twenty six out of 30 (87%) patients were in the age group of 45 days to six years old and four (13%) were in the age group above six years old whose specimens were positive for pertussis by qPCR. Some studies have suggested that negative cultures and milder symptoms in adults are because of lower bacterial load in adult nasopharynx than in children ([@A12421R7]).

In the present study both *B. pertussis*and *B. parapertussis* were found in one patient, suggesting the suitability of duplex qPCRfor identification of *B. pertussis*and *B. parapertussis* simultaneously. A similar study in Tunisia also showed that in 8% of cases both *B. pertussis*and *B. parapertussis* could be found simultaneously ([@A12421R15]). Some studies have demonstrated that real-time PCR could be used for diagnosis of whooping cough in young children even three weeks after the start of treatment ([@A12421R10]). In addition, the rapid positive identification of pertussis by qPCR allows physicians to treat the patients and to administer proper prophylaxis for household contacts and a negative qPCR result could also enable the physician to look for other possible pathogens that may be causing the symptoms. Although PCR is a useful tool for *B. pertussis*diagnosis, it is still important to obtain isolated *B. pertussis*organisms for epidemiologic characterization by genotyping and phenotyping analysis.

In this study, the majority of positive samples obtained from children who were vaccinated (20/30) with whole cell DTP vaccine. Studies by other investigators have shown, the use of pertussis whole-cell vaccine might decrease the circulation of the bacterium in the child population ([@A12421R16]). Since the pertussis vaccine does not result life-long immunity, pertussis has not been controlled in the adult population who are often the source of infection to newborns, especially those who are unvaccinated during the first months of life. It is for this reason that a number of countries have introduced booster pertussis vaccine for adult populations ([@A12421R16]). Additionally, it has been found that during epidemic pertussis in Denmark in the early 1950s, the incidence rate among infants was nearly 11,000 per 100000 individuals ([@A12421R17]), which was later found to be due to the genetic divergence of the circulating *B. pertussis*strain from the vaccine strain. This phenomenon has been observed in many countries ([@A12421R18]).

The present study improves our knowledge of *B. pertussis*and *B. parapertussis* epidemiology in Iran. Overall, the results suggest that the decreasing adult immunity and lack of vaccination coverage by whole DTP vaccine are the reasons for the reemergence of pertussis.

In conclusion, in order to properly analyze the pertussis status certain factors must be considered such as patient's age, vaccination status, transport media, any delay between sampling and testing, the time of specimen collection etc, which may affect the future vaccination strategies and laboratory screening.
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